The stability constants of the 1:1 complexes formed between methylhosphonylhos- 
INTRODUCTION
Phosphonate derivatives like 9-[2-(phosphonomethoxy)ethyl]adenine (PMEA) or (S)-9[3-hydroxy-2-(phosphonomethoxy)propyl]adenine (HPMPA) belong to a promising class of nucleotide analogues with antiviral properties [ 1] and indeed, there is hope that therapeutic agents agains, HIV will result from this class. [2, 3] PMEA 2-and HPMPA 2-are evidently analogues of adenosine 5- monophosphate (AMP2-) and 2'-deoxyadenosine 5'-monophosphate (dAMp2-). [ 4, 5] After twofold phosphorylation by cellular nucleotide kinases, [ 6] the resulting triphosphate analogues can serve as substrates for viral DNA polymerase or reverse transcriptase which subsequently terminate the growing nucleic acid chain. [ 2, 7] The fact that most nucleotide-relevant enzymes, like DNA and RNA polymerases, kinases and ATP synthases, are metal ion-(often Zn2+)-dependent [ 8, 9] and that they use nucleotides as substrates only in the form of (mostly Mg2+) complexes [ 9] has led to intensive studies of the metal [5] ion-binding properties of HPMPA and especially of PMEA and its derivatives. [ 2, 1, 11] However, at this time the coordinating properties of the phosphorylated compounds are unknown. Since replacement of an O-P bond by a C-P bond makes a compound more basic, as is known for example from the properties of methyl phosphate [ 12] and methylphosphonate, [ 4] it is desirable to learn how the metal ion-binding properties change if an ester bond of a diphosphate is replaced by a C-P bond. The most simple of the latter mentioned compounds is evidently methylphosphonylphosphate, CH3P(O)-O-PO -(Mepp3-), which can be considered as a diphosphate monoester analogue. [ 13] Very recently we have established the correlation between metal ion complex stability and ligand basicity for a series of structurally related diphosphate monoester ligands by constructing log K4M/R DP) versus PKH(R DP) P Its. [14] Based on these results we are now in the position to study and to va]uate the rrielal "ion-binding properties of methylphosphonylphosphate. We are reporting here the stability constants of the M(MePP)-complexes with Ba2+, Sr2+, Ca2+, Mg2+, Mn2+, Co2+, Ni2+, Cu2+, Zn2+, and Cd2+. As we shall see, in most instances a slight stability enhancement is observed which we attribute to the increased basicity of the phosphonyl group. 15] further details are given in ref. [13] .
All the other reagents were the same as used previously. [ 12, 4] [4] CH3OP(O)(OH)2 [12] (6) The constants for eqs (3b), (4b), and (Sb) are listed in columns 2, 3, and 4 of Table 2 , respectively. To the best of our knowledge none of these constants has been determined before. [ 19] Since all the acidity constants, pKHM(HMePP= 3.3 to 5.5 (Table . 2., column 4), of the M(H;MePP) complexes are lower than those o{ the FI(MeP,P) 2-species, P KH(MePPi 6.57 (Table  1) , but also significantly larger than those of H2(MePP)-, PKH2(MePP 1.85, it i cleai" that the metal ions must reside at the phosphonyl phosphate residue and the pi'oton at the terminal phosphate group. As far as the structure of the M(MePP)-complexes is concerned, there can be no doubt that they exist as chelates, a formal structure of which is shown at the left (see also the comment regarding Ba(MePP)-and outersphere complexation in Section 3.3). It is interesting to note that the order of the stabilities of the M(MePP)-complexes does not strictly follow the common IrvingWilliams sequence, but instead they follow the order now repeatedly observed [ 12, 2] for the stabilities of phosphate metal ion complexes, i.e., Ba 2+ < Sr 2+ < Ca 2+ < Mg 2+ < Ni 2+ < Co 2+ < Mn 2+ < Cu 2+ > Zn 2+ < Cd2+. (7):
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The corresponding results are summarized in Table 3 . However, since this stability increase is small compared to the overall stability constants of these complexes, one may conclude that, for example, the metal ion-binding properties of monophosphorylated and diphosphorylated PMEA, i.e., the resulting chains then correspond to diphosphate and triphosphate residues, closely resemble of the parent nucleotides as far as metal ion binding at the phosphate residues in a 1:1 ratio is concerned. In accord herewith, in mixed ligand complexes MePP 3-behaves as expected for a simple diphosphate monoester. [ 13, 24] However, if a 2:1 metal ion ratio is considered, the metal ion binding properties of (2'-deoxy)-adenosine 5'-triphosphate (dATp4-/ATP4-) are different 3] The explanation [ 21] for this observation is that the participation of the ether oxygen in metal ion binding, [ 4, 32] giving rise to 5-membered chelates, and the enhanced basicity of the phosphonate group (as shown now) favor M(o)-M(,) coordination [ 21] in the residue, Of course, once the PMEA moiety is incorporated in the growing nucleic acid chain, this is terminated due to the lack of a 3'-hydroxy group, thus leading to the antiviral action of PMEA.
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